The uzifly, Exorista sorbillans (ϭE. bombycis) a tachinid endoparasitoid of silkworm, Bombyx mori L., known to cause considerable damage to the silk industry. Earlier studies on various aspects of the uzifly indicated for possible presence of a number of cryptic species. Though the fly entered into South India 25 years ago, the basis for the existence of cryptic species was not known. To ascertain whether the genome of this parasitoid is differentiating into discrete gene pools in contrasting eco and geo-climatic conditions, an attempt has been made in the present study the molecular profiling of 8 populations (Chitoor, Kuppam, Erode, Bangarapete, Sira, Mandya, Chitradurga, and Kanakapura) from south India with 16 RAPD primers and also to explore the possibility of its endosymbiont Wolbachia as a causative agent as it known to cause cytoplasmic incompatibility in its host uzifly. The hierarchical clustering done on the basis of RAPD data and the Euclidean distance matrix put Chitradurga populations at the maximum distance from other south Indian populations studied and reveals the occurrence of spectacular region-wise pairing with separate clusters. Further, when we have crossed within and between selected populations for the Wolbachia induced reproductive isolation, the results showed the lower level (28-32%) of reproductive isolation within and between populations. The RAPD and crossing data clearly indicates the micro-level divergence in the uzifly, E. sorbillans. The significance of this study with a tachinid fly pest is discussed in the context of understanding the diversification of uzifly and also establishing this pest as a relevant biological material for studying microevolution in nature.
The uzifly, Exorista sorbillans a tachinid endoparasitoid that is reported to be a great menace on silkworm crop around the world (Wulf 1896 , Beeson and Chatterjee 1935 , Sengupta et al. 1990 , Narayanaswamy and Devaiah 1998 . The fly was reported to be rampant in the Gangetic plains of West Bengal and other adjacent regions extending upto present day Myanmar in India (Ghosh 1948) . Various national documentation on silk production in South India revealed that the E. sorbillans reached the southern state, Karnataka, along with cocoon transported from West Bengal in 1980 (Samson 1980 , Jolly 1981 . Althugh the flight range of this fly is restricted to only 3 kilometers (Narayanaswamy et al. 1994) , gradually it spreads to almost all area of the south India through unauthorized transportation of cocoons for commercial activities during the last 25 years. The morphological and cytological investigation carried out by earlier workers have suspected for possible existence of cryptic species in the uzifly (Manjunatha 1993 , Venkatachalapathy 2002 , Prakash 2006 . To confirm this postulate, we have undertaken to explore RAPD pattern and Wolbachia induced reproductive isolation in uzifly in the present study.
After the DNA fingerprinting using RAPD markers developed by Williams et al. (1990) , the technique was extensively employed for exploring genetic variability within plant and animal species. The main advantage of the RAPD method lies in its rapidity, applicability to any organism without prior knowledge on nucleotide sequence and its ability to detect mutation. Finger printing has also been used earlier to study genetic variability in different populations of uzifly, Exorista sorbillans (Chatterjee et al. 2003 (Chatterjee et al. , 2005 with 3 RAPD primers. In the present study the fingerprinting with 16 RAPD primers to identify the heterogeneity in south Indian uzifly populations.
It is known that Wolbachia, a rickettsial a-proteobacteria infects 16-76% of all known insect species (Werren et al. 1995 , Werren and Windsor 2000 , Jeyaprakash and Hoy 2000 , Prakash and Puttaraju 2006 , 2007 , which implicit potential reproductive isolation in them (Werren et al. 1997 , Stouthamer et al. 1999 . Moreover, multiple infections have also been reported in a number of insect species (Werren et al. 1995) which induces complex level of reproductive manipulations such as uni and/or bidirectional cytoplasmic incompatibility. The cytoplasmic incompatibility is described as incompatibility between sperm from infected males with egg from uninfected females termed unidirectional cytoplasmic incompatibility (Yen and Barr 1971) , conversely, crosses between males and females with different infection status or multiple infections are said to be bidirectional cytoplasmic incompatibility (Stouthamer et al. 1999) . The bidirectional cytoplasmic incompatibility has been reported to be a potential source for rapid speciation in insect (Rose and Doolittle 1981 , Coyne 1992 , Bordenstein et al. 2001 . We have earlier reported in uziflys a number of reproductive anomalies including unidirectional cytoplasmic incompatibility, male biased sex ratio, fecundity enhancement in females (Puttaraju and Prakash, 2005a, b, c) infected with A and B super group Wolbachia (Prakash 2006, Prakash and Puttaraju 2007) . Keeping all these in view, we are exploring the possibility of reproductive incompatibility caused by Wolbachia in the microevolution of uzifly.
Materials and methods

Experimental populations
The uziflies representing different eco-and geo-climatic zones viz., (1) Chitoor (geographic region 13Ј13ЉN and 79Ј08ЉE) and (2) Kuppam (12Ј45ЉN and 78Ј20ЉE) of Andhra Pradesh; (3) Erode (11Ј20ЉN and 77Ј46ЉE) of Tamil Nadu; (4) Bangarapete (13Ј09ЉN and 78Ј11ЉE), (5) Sira (13Ј09ЉN and 76Ј54ЉE), (6) Mandya (12Ј50ЉN and 76Ј20ЉE), (7) Chitradurga (14Ј14ЉN and 76Ј26ЉE) and (8) Kanakapura (12Ј59ЉN and 77Ј22ЉE) of Karnataka from South India were collected and are stored at Ϫ80°C until the isolation of DNA which constitute the material for the present study.
DNA isolation
The flies were surface sterilized by 3 sequential washes in 30% hydrogen peroxide, 95% ethanol and in sterile distilled water just prior to DNA extraction. DNA from a minimum of single uzifly was extracted following the usual stepwise methods of extraction with phenol, phenol: chloroform: isoamylalcohol, chloroform and finally precipitated with 2 volumes of double distilled alcohol in the presence of 3 M sodium acetate (Sambrook et al. 1989) . The precipitated DNA was washed in 70% alcohol, dried and dissolved in 250 ml of TE (Tris-EDTA) buffer. The DNA was subjected to RNase-A treatments followed by further re-extraction with phenol: chloroform: isoamyl alcohol and chloroform and finally, RNA free DNA was precipitated with alcohol as mentioned above, the pellet was dried and dissolved in TE buffer. The concentration of 10-12 ng/ml was realized through quantification on 0.8% agarose gel (Bangalore Genei, Bangalore) using standard concentration of lambda DNA in Tris-Boric acid-EDTA (ethylenediaminetetraacetic acid) buffer.
PCR amplification using RAPD primers
The uzifly DNA of different populations was amplified with slight modification of method described by Chatterjee et al. (2005) . An initial denaturation of 2 min resulted in better separation of DNA strands allowing binding of random 10-mers to template DNA for sequence specific PCR amplification. Each DNA sample was pooled from 8-10 uziflies of the representative samples. Amplification of uzifly DNA with random oligonucleotide primers resulted in a series of discrete bands of varying intensity. To achieve good reproducibility and strong signal in the RAPD assay, one of the most important parameter is the concentration of genomic DNA. At optimum template DNA concentration (20-25 ng/20 ml reaction volume), the RAPD profile remained consistent and reproducible. Reproducibility of the RAPD assay was tested by performing duplicate experiments at different occasions using identical genomic DNA and primer combination, however, the relative intensity of some bands was some time variable. A strictly controlled temperature profile and reliable Taq DNA polymerase were needed for consistent amplification pattern.
The amplification was carried out in a Eppendorf thermocycler with 20 ml reaction volume containing 25 ng of template DNA, 2 ml of 1ϫPCR buffer (10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 and 50 mM KCl), 0.15 mM primer, 2.5 ml each of dATP, dCTP, dGTP and dTTP (final concentration each of 2.5 mM), 1 units of Taq DNA polymerase (Bangalore genei, Bangalore). For each primer examined, negative control was maintained which contained all the components except genomic DNA. The programmed cyclic conditions were initial denaturation at 94°C for 5 min, followed by 35 cycles of 94°C for 1 min, 36°C for 1 min, and 72°C for 2 min and final extension of 72°C for 5 min. The amplified PCR products were separated according to molecular size on 1.5% agarose in TAE buffer (40 mM Tris, 20 mM Acetic acid, 10 mM EDTA) and detected by staining with ethidium bromide (0.5 mg/ml). The DNA fragments amplified by a given primer (Table 1) were scored for all the populations studied. The RAPD marker showing monomorphic and polymorphic pattern were recorded. A data matrix composed of the numerals 1 and 0 was built on the basis of presence (1) or absence (0) of a DNA bands appearing in replicates for each populations. Only distinct and prominent bands were scored and used in assessing RAPD pattern. The molecular size of bands was calculated based on the molecular size marker run along with the PCR product.
PCR amplification using Wolbachia specific primers
A polymerase chain reaction assay based on the amplification of the published Wolbachiaspecific sequence primers, such as 'A' and 'B' supergroup Wolbachia specific primers were used to detect 'A' and 'B' group Wolbachia in individual uziflies of different population. The ftsZ sequence of 'A' supergroup is ftsZ Adf 5Ј-CTC AAG CAC TAG AAA AGT CG-3Ј; ftsZ Adr 5Ј-TTA GCT CCT TCG CTT ACC TG-3Ј, and ftsZ sequence of 'B' supergroup is ftsZ Bf 5Ј-CCG ATG CTC AAG CGT TAG AG-3Ј; ftsZ Br 5Ј-CCA CTT AAC TCT TTC GTT TG-3Ј primers were used for detection of Wolbachia, which amplify 955 to 957 bp (Werren et al. 1995) . This was carried out with PTC 200 of MJ Research Thermocycler. The amplified PCR products were separated through 1.3% agarose gel electrophoresis run in 1ϫTBE (89.2 mM Tris-Hcl, 88.9 mM Boric acid and 2 mM disodium-ethylenediaminetetra-acetic acid) buffer for a length of 5-6 cm at a constant of 65 Volts for Pharmacia power supply EPS 200 V/400 mA. The gel was stained with 0.5 mg/ml gel of ethidium bromide just prior to casting. The documentation was done with gel documentation system.
Crossing experiment
The collected flies were reared in the laboratory for one generation to acclimatize the flies to laboratory conditions and crossed in multiple combinations with single male and single female as shown in the Figs. 3, 4 with 8 replicate crosses per population, at 25Ϯ1°C and 70-75% relative humidity with 12 : 12 h light dark conditions. The eggs were collected up to peak ovipositional period, the egg collection and hatching rates were calculated as described by Puttaraju and Prakash (2005a, b, c) .
Statistical analysis
SPSS/PC 14.0 Evaluation (www.spss.com) package was utilized for statistical analysis of the genetic variability as revealed from the binary scoring of molecular profiling. The hierarchical clustering was done with the help of SPSS/PCϩ program using the algorithm model of average linkage between groups from the squared Euclidean distance matrix derived from the binary profile. As per the program, the dendrogram is scaled against the rescaled distance from the derived distance coefficient used for agglomeration schedule.
The fecundity and hatching number were pooled and calculated for mean, standard deviation and standard errors using computer program functions (f x ) in MS Excel of Windows 2003. The analysis of experimental results for significance at Alpha 0.05 and 0.01 levels were analyzed in MS Excel with one way ANOVA using the method described by Khan and Khanum (1994) . Results Fig. 1 illustrates the result of PCR product done with 2 RAPD primers (OPN-10 and OPN-11). A total of 16 primers generated 418 markers on the template of 8 different populations of uzifly, Exorista sorbillans viz., (1) Chitoor and (2) Kuppam of Andhra Pradesh; (3) Erode of Tamil Nadu; (4) Bangarapete, (5) Sira, (6) Mandya, (7) Chitradurga and (8) Kanakapura of Karnataka from south India. Of the 418 markers 292 (69.86%) were polymorphic, while remaining were monomorphic. The sharing bands were rejected from the analysis. In this study, several fragments were amplified in each population, and most of these fragments were observed to be common to different populations. However, there are some fragments unique to certain populations (arrow head in Fig. 1.) . All 8 populations of E. sorbillans showed a high degree of polymorphism with RAPD primers. The number of RAPD bands generated by each primer is shown in Table 1 , all 16 primers revealed discriminating pattern. The primer OPN -20 and the primer OPN-10 generated the maximum and minimum number of bands respectively. Among 16 primers, OPN-20 showed maximum discrimination for the ability to type different uzifly population and produces maximum RAPD bands in 8 populations (Table 1) . The monomorphic banding pattern in some primer represents the conserved genes in all populations studied. Fig. 2 represents dendrogram constructed on the basis of RAPD profile. The dendrogram in Fig. 2 (Fig. 3) . Further, the fecundity of cross between different populations varies from 218 to 230 with hatchability rate varies from 148 to 163; this value is slightly lower when compared to hatching rate of crosses with in populations. The values are 99% confidence level (dfϭ47; Fϭ377.30; pϾ0.001) (Fig. 4) .
Discussion
The present study illustrates that the RAPD techniques proved to be potential technique to explore the heterogeneity in different eco and geo-climatic populations of uzifly. At a large extent, these RAPD primers are used to establish heterogeneity in different population/strains since last 1 and a half decades (Bowditch et al. 1993 , Chansiripornchai et al. 2001 . Though the uzifly has entered as a single species into the South India through anthropogenic influence from West Bengal to Karnataka 25 years ago, it has undergone several changes in its morphological, cytological and phenotypic features at micro level (Manjunatha 1993 , Narasegowda 2002 , Venkatachalapathy 2002 , Prakash 2006 . Further, plausible explanation for heterogeneity in different population may be the contribution of rapid climate change, short life cycle and isolated mating. Singh et al. (2006) while studying finger printing of different isolates of Mycobacterium tuberculosis using RAPD primers, have used 44 M. tuberculosis isolates from India and explored the heterogeneity among them. Conversely, Rao et al. (2005) used simple sequence repeat -PCR (ISSR-PCR) to discriminate different isolates of Nosema bombycis from south India. They stated that the exploration of micro-level heterogeneity is possible using RAPD-PCR and ISSR-PCR technique. Further, Keshava Murthy et al. (2006) used RAPD molecular markers to explore heterogeneity of 5 different races of silkworm, Bombyx mori.
Choosing the right molecular genetic markers for studying diversity are also play a crucial role in establishing polymorphism (Anne 2006) . These RAPD markers are not only used to analyze genetic diversity but also used to construct linkage maps. Hunt and Page (1995) used RAPD markers for construction of linkage map in the honey bee, Apis mellifera and Benecke (1998) used these markers to typing of necrophageous insect in criminal forensic studies.
The RAPD-PCR analysis helpful to establish the molecular relatedness of uzifly and this study confirms the presence of distinct gene pool in uzifly and warrants the further detailed study with all Indian populations with multiple markers.
It is believed that the reproductive isolation induced by Wolbachia endosymbiont played a potential role in population variability as has stated by Rose and Doolittle (1981) , Coyne (1992) , Bordenstein et al. (2001) , Puttaraju and Prakash (2005a, b, c) , Prakash and Puttaraju (2006) . Wolbachia imposes number of reproductive isolation mechanisms in uzifly including cytoplasmic incompatibility between infected males and uninfected females, male biased sex ratio in uninfected females, fecundity enhancement in infected populations and genomic incompatibility in crosses between uninfected populations (Puttaraju and Prakash 2005a, b, c, Prakash and Puttaraju 2006) . Contrary to our earlier explanation towards genomic incompatibility among crosses of infected males and females, it can be inferred that the mortality is due to bidirectional cytoplasmic incompatibility, because these flies doubly infected with A and B super group Wolbachia. Such bidirectional cytoplasmic incompatibility creates the scope for rapid speciation in insects (Rose and Doolittle 1981 , Coyne 1992 , Bordenstein et al. 2001 . Further, the possibility of infection with different strains within A and B super group Wolbachia cannot be ignored however it needs to be confirmed by further investigation.
